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Abstract 
Lead isotope studies are a powerful tool to study global atmospheric Pb dispersal derived from 
natural and anthropogenic sources alike. Lead has, depending from its geological origin a 
characteristic isotopic composition, and this unique property is used to trace lead sources in the 
environment. Since the phasing out of leaded gasoline in the US and Europe and with new 
emerging economies such as China or India, other sources have become dominant on a global and 
on regional scales, with coal being one of the likely new major sources. In 2004 94.8 tons of lead 
compounds were emitted by combustion installations >50Mw in Europe, i.e. 12% of the total 
emissions of lead compounds into the air in EU25. However there is serious a lack of information 
concerning lead isotope ratios in coals of different rank and origin, hindering a proper assessment 
of possible lead sources in the atmosphere in various places around the worlds. The aim of this 
investigation is to measure high precision Pb isotope ratios in selected coals from major world 
coal deposits and put the findings within the context of global atmospheric lead pollution. These 
values contribute to establish a background for identifying lead pollution sources. By 
relating the data obtained in this study with data reported in previous studies it can be concluded 
that coal combustion is, even now, a significant contributor to atmospheric lead. 
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INTRODUCTION 
 
Lead is a major global pollutant that affects both human and environmental health. Its 
stable isotopic ratios, in combination with concentration data, are a superb method for 
differentiating different anthropogenic lead sources such as traffic, coal, combustion etc. 
Petrol lead has been the main source of anthropogenic lead in the Northern Hemisphere 
for many decades but with the phasing out of gasoline Pb in the US and Europe, other 
sources such as coal have become important. However there is serious a lack of 
information concerning lead isotope ratios in coals of different rank and origin limiting 
present day assessment of the dominant lead sources in the atmosphere. 
 
Coals contain lead in concentrations ranging between 2.0-80 µg/g -1. The main 
associations of lead in coals are galena, PbSe, Ba minerals, where Pb replaces Ba 
(including sulfates, phosphates, silicates), pyrite and occasional organic association 
(Swain, 1990). During coal utilization processes, lead may evaporate in different 
proportions being emitted to the atmosphere in gaseous phase. There are extensive data 
available for lead isotope ratios in natural ores, sediments, soils etc. However few data 
have been collected in the literature for lead isotope ratios in coals. 
 
The aim of this investigation is to measure, by means of MC-ICP-MS, high precision Pb 
isotope ratios, in selected coals taken from the major world coal deposits. This will 
enables to characterize the Pb isotope signature of this important global source of metal 
pollution in the environment and build up a database which could be used to track down 
the source and extent of this important pollution source on a global scale. 
 
EXPERIMENTAL PROCEDURE 
 
More than 30 samples available at the INCAR coal collection were analyzed. The 
samples were from Spanish basins (7), Peru (5); Australia (2); Rumania (1); North 
America (5); Canada (2); South-Africa (2); Indonesia (3) and Hungary (2) (Table 1). 
 
TABLE 1. Coal samples analyzed by MC-ICP-MS 
Reference Country Rank Reference Country Rank 
19990 South Africa Bituminous 41252 Australia Bituminous 
19991 South Africa Bituminous 41253 Australia Bituminous 
29950 Spain Bituminous 44898 North America Bituminous 
29960 Spain Bituminous 45263 North America Bituminous 
30489 Peru Anthracite 45264 North America Bituminous 
32198 Spain Sub bituminous 45268 North America Bituminous 
32274 Peru Anthracite 45269 North America Bituminous 
32281 Peru Anthracite 46293 North America Bituminous 
32291 Peru Anthracite 46294 North America Bituminous 
35374 Spain Bituminous 46727 Canada Bituminous 
35375 Spain Bituminous 46728 Canada Bituminous 
37284 Peru Bituminous 47357 Indonesia Sub bituminous 
39293 Spain Bituminous 47358 Indonesia Sub bituminous 
39296 Spain Bituminous 47359 Indonesia Anthracite 
39334 Romania Bituminous 21315 Hungary Lignite 
 
Coal ashes were used for isotope ratio analysis. Coal samples were heated for 1 hour at 
300 ºC and for 2 hours at 500 ºC in order to eliminate the organic matter (ASTM standard 
D3683-04). Sample preparation was carried out using a commercial microwave oven 
(Milestone MLS 1200). 100 mg of sample was mixed with 6 ml of nitric acid and 0.1 ml 
of hydrofluoric acid and heated at a decreasing power from 600 to 250 W for 24 min.3 
Digested samples were evaporated to dryness and redissolved in 3 ml HCl 2.4M. The 
redissolved solutions were passed through an ion exchange column in order to avoid 
matrix effects during the analysis (Kylander et al., 2004; Weiss et al., 2004). 
 
An IsoProbe MC-ICP-MS was used for the lead isotope analysis. This instrument is 
equipped with seven independently adjustable Faraday cups and a hexapole collision cell. 
To correct the Faraday cup offset, solvent blank and instrumental blank, average acid 
blank intensities were subtracted from individually measured raw isotope intensities and 
then the average was calculated. To quantify the 204Hg isobaric interference, the 200Hg 
was measured. Samples and standards were adjusted to a Pb/Tl ratio of 2:1 (Weiss et al., 
2004). Instrumental mass bias was corrected by using isotope ratios from the spiked 
NIST-SRM 981 Pb standard measurements in a least square optimization (Weiss et al., 
2004).  
 
RESULTS AND DISCUSSION 
 
It is very usual to use 206Pb/207Pb or 207Pb/206Pb ratios and 208Pb/206Pb for plot diagrams in 
environmental studies and 206Pb/204Pb, 207Pb/204Pb and 208Pb/204Pb ratios in geochemical 
and geochronological investigations. The lead isotope ratios (206Pb/207Pb, 208Pb/206Pb, and 
206Pb/204Pb, 207Pb/204Pb and 208Pb/204Pb) of the coal samples are listed individually in 
Table 2.  T h e  206Pb/207Pb ratios range between 1.17-1.22 except for coals  from the 
Pedraforca coal basin (Spain). As regards the 208Pb/206Pb ratios, values range between 
1.98-2.10 for all the coal samples analyzed. The lowest values were found for coals from 
South Africa and Pedraforca (Spain). Regarding the rations with the non-radiogenic lead 
isotope (204Pb) the values analyzed range between 18.36-19.20; 15.62-15.72 and 38.5-
39.2 for 206Pb/204Pb, 207Pb/204Pb and  208Pb/204Pb, respectively. The precision of the 
measurements by MC-ICP-MS was below 0.06% for all measured isotope ratios. 
 
The data from this study were compared with the evolution curve proposed by stacy-
kramers for terrestrial lead and 13 galenas of different age raging 0-3.23 billions of years 
(Figure 1) (Stacy and kramers, 1975). Most of the coal basins studied in this work were 
formed between 0.27-033 billions of years ago, so the different age, less than 45 millions 
of years, is within the limit of error of accepted ages in this approximation. From this plot 
it is possible to deduce that the lead isotopes for coal samples are similar to the lead 
isotopes for galenas o f  a  similar age. This result agrees with the fact that galena is the 
most common form of combination for lead in coals. 
 
As has been previously pointed out , 206Pb/207Pb isotope ratios for the different coal 
samples range between 1.17-1.22 with a mean value of 1.20 ±0.017 (Table 2). Relating 
these results with data reported by Bollhoefer et al in previous studies (Bollhoefer et al., 
2002), the increase observed in the isotope ratio signature in aerosols during the recent 
years in the Southern and Northern hemispheres agrees with an increasing relative 
contribution from industrial sources in which coal burning has an important contribution. 
Moreover, the highest 206Pb/207Pb isotope ratios reported in these studies correspond to 
countries such as Germany or USA which make wide use of coal. 
 
TABLE 2. Summary of lead isotope ratios for coal samples by country of origin. 
Country Reference 206Pb/207Pb 208Pb/206Pb 206Pb/204Pb 207Pb/204Pb 208Pb/204Pb 
Australia 41252 1.2057 2.0623 18.886 15.664 38.948 
 41253 1.2053 2.0631 18.856 15.644 38.902 
Canada 46727 1.2118 2.0419 18.934 15.625 38.661 
 46728 1.2142 2.0413 19.000 15.648 38.783 
Hungary 21315 1.2035 2.0435 18.841 15.655 38.502 
Indonesia 47357 1.1822 2.0897 18.540 15.682 38.743 
 47358 1.1803 2.1013 18.471 15.650 38.814 
 47359 1.1881 2.0878 18.589 15.646 38.810 
North America 44898 1.1945 2.0625 18.687 15.644 38.543 
 45263 1.2109 2.0494 18.965 15.662 38.867 
 45264 1.1938 2.0694 18.710 15.672 38.717 
 45467 1.1960 2.0668 18.706 15.641 38.662 
 45468 1.2047 2.0447 18.859 15.654 38.562 
 45469 1.2107 2.0464 18.982 15.679 38.846 
 46293 1.2215 2.0201 19.150 15.678 38.685 
 46294 1.2029 2.0526 18.857 15.677 38.707 
Peru 30489 1.2014 2.0609 18.848 15.688 38.844 
 32274 1.2058 2.0564 18.906 15.679 38.879 
 32281 1.2129 2.0579 19.068 15.721 39.240 
 32291 1.2096 2.0526 18.991 15.701 38.981 
 37284 1.2002 2.0594 18.830 15.689 38.778 
Romania 39334 1.2212 2.0345 19.188 15.713 39.038 
South Africa 19990 1.2252 1.9954 19.148 15.629 38.208 
 19991 1.2118 2.0289 18.990 15.671 38.528 
Spain 29950 1.1744 2.0956 18.422 15.686 38.604 
 29960 1.1720 2.0996 18.389 15.691 38.610 
 32198 1.1842 2.0786 18.574 15.686 38.608 
 35374 1.2444 1.9822 19.562 15.721 38.777 
 35375 1.2217 2.0172 19.192 15.709 38.714 
 39293 1.1778 2.0947 18.493 15.701 38.738 
 39296 1.1701 2.1012 18.364 15.694 38.586 
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FIGURE 1. Comparison between of the values obtained in this work for coals and the evolution curve 
proposed by Stacy and Kramers for galenas of different age.5 
 
CONCLUSIONS 
 
The average 206Pb/207Pb ratios of coals, 1.20 ± 0.017 is close to galena, the most common 
form of combination for lead in coals. Relating the data obtained in this study with data 
from previous environmental studies, it can be concluded that emissions from coal 
combustion, even now, have a significant impact on atmospheric lead. 
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